Abstract
Introduction

Hepatocellular carcinoma (HCC) is the fifth most common malignancy worldwide and the third leading cause of cancer morbidities in China. As a rapidly growing tumour, HCC is associated with a high propensity for vascular invasion and metastasis, which leads
to poor cancer prognoses [1, 2] . Metastasis occurs in more than 50% of patients after surgery therapy; intrahepatic metastasis is the type that occurs more frequently in these cases. The common extrahepatic metastasis sites are in the lungs, bones, peritoneum, spleen and lymph nodes [3, 4] . To understand the metastatic recurrent disease, cellular and molecular characterization of the metastatic tumour cells is essential. [5] [6] [7] [8, 9] . HCC is not a typical epithelial type of tumour. The mechanism of loss of E-cadherin expression and gain of mesenchymal markers is also associated with tumour invasiveness, metastasis and poor cancer prognoses, much like EMT [9, 10] . The [5] [6] [7] 12] . Recently, the basic helix-loop-helix (bHLH) transcription factor, Twist has been added to the list of EMT regulators. Twist1 and Twist2 are two homologous proteins identified in Drosophila melanogaster. They act as organizers of EMT during gastrulation and as regulators of mesoderm differentiation [13, 14] 
The epithelial-mesenchymal transition (EMT) is a common example of the cellular plasticity of a tumour. It is the leading mechanism for cellular invasion. As the invasion process proceeds, epithelial cell layers lose polarity and cell-cell interaction, which finally leads to a complex remodelling of the cytoskeleton
. E-cadherin is an epithelial marker that disappears as a hallmark of EMT. It is a central component of cell-cell adhesion junctions, and it maintains cell polarity and environment
regulatory mechanisms of E-cadherin are controlled by regulators that repress E-cadherin transcription via interactions with specific E-boxes of the proximal E-cadherin promoter. The Snail and Slug from zinc finger families are the most prominent EMT regulators
Materials and methods
Patient samples
Cell transfection
Samples of pcDNA3-Negative, pcDNA3-Twist1 and pcDNA3-Twist2 were transfected into HepG2 or Bel7402 cells using polyethylenimine (PEI, Polysciences, Inc., PA, USA; Cat#23966). A pool transfectant (Ͼ150 colonies) was selected using G418 at a dose of 800 g/ml. 
Western blot
Statistical analysis
All the data in the study were evaluated using SPSS13. 5 (Fig. 2) . (Fig. 6 ).
Increased invasion ability in cells with Twist1 up-regulation
Significant correlation of Twist1 nuclear overexpression with E-cadherin and MMPs
Immunohistochemical analysis was performed to access the expression of Twist1, Twist1 (nuclear), Twist2, E-cadherin, MMP-2 and MMP-9 in the HCC samples (Fig. 4). The results show that for Twist1, expression was located both in the cytoplasm and nuclei of the HCC cells. For Twist2, expression was located only in the cytoplasm. E-cadherin expression was located in the membranes. MMP-2 and MMP-9 expressions were located in the cytoplasm of the HCC cells. The expressions of these proteins in the cells with and without metastasis were compared using the chi-square test (Table 2) and rank-sum test (Table 3). The positive rates of Twist1 (nuclear) and MMP-9 expression with metastasis were higher and E-cadherin was lower compared with cancers without metastasis. The differences in Twist1 (nuclear), E-cadherin, MMP-2 and MMP-9 were statistically significant (P Ͻ 0.01). Numeration data were collected using the positive cell rates, and analysis was conducted using the Pearson correlation test. Twist1 nuclear expression is correlated to Twist1 cytoplasm expression, E-cadherin and MMP9. Twist2 has no relationship with any other protein (Fig. 5). Kaplan-Meier survival analysis revealed that patients with metastasis and expression of Twist1, Twist1 (nuclear), MMP-2 and MMP-9 had shorter survival rates than those without expression
Discussion
The molecular mechanism of HCC invasiveness and metastasis is very important to research [1] [2] [3] [4] [17, 18] . Gene deletion experiments have shown that Twist1 and Twist2 have some functional redundancy [19, 20] . Twist1 and Twist2 are early drivers of tumour progression, and they provide a rationale for the high frequency of Twist1 and Twist2 overexpression in a large variety of human tumours. Twist2 knockout mice display an elevated expression of proinflammatory cytokines, which causes perinatal death [21] . However, interestingly, this phenotype is also found in individuals doubly heterozygous for Twist1 and Twist2 alleles, reflecting a functional redundancy [22] [12, 13, 23, 24] .
In [28, 29] . Experimental in vitro and in vivo findings indicate that interacting tumour and stromal cells can mutually induce MMPs, which in turn can contribute to overall tumour invasion [30] . Tumour-induced angiogenesis is regarded to be important in sustaining the growth of solid tumours until they reach a size at which they become invasive and capable of metastasizing [31] . The 
